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D scription 

The invention relates to a method for making molybdenum complexes and more particularly relates to 
a method for making molybdenum complexes useful as olefin epoxidation catalysts from an alkanol and an 
5 ammonium molybdate. 

The epoxidation of olefins to give various epoxide compounds has long been an area of study by those 
skilled in the art. It is well known that the reactivities of the various olefins differ with the number of 
substituents on the carbon atoms involved in the double bond. Ethylene itself has the lowest relative rate of 
epoxidation, with propylene and other alpha olefins being the next slowest. Compounds of the formula 
jo R 2 C=CR 2 , where R simply represents a Iky I or other substituents, may be epoxidized fastest. Thus, the more 
substituents on the double bond carbons, the easier it is to epoxidize across that bond. 

The production of ethylene oxide from ethylene has long been known to be accomplished by reaction 
with molecular oxygen over a silver catalyst. Numerous patents have issued on various silver-catalyzed 
processes for the production of ethylene oxide. Unfortunately, the silver catalyst route will not work for 
75 olefins other than ethylene. For a long time the commercial production of propylene oxide could only be 
accomplished via the cumbersome chlorohydrin process. 

A commercial process for the manufacture of substituted epoxides from alpha olefins such as 
propylene was not discovered until John Kollar's work in the 1960s. His U.S. Patent 3,351 ,635 taught that an 
organic epoxide compound could be made by reacting an alpha olefin with an organic hydroperoxide in the 
20 presence of a molybdenum, tungsten, titanium, columbium, tantalum, rhenium, selenium, chromium, 
zirconium, tellurium or uranium catalyst Kollar's U.S. Patent 3,350,422 teaches a similar process using a 
soluble vanadium catalyst. 

However, even though Kollar's work has been recognized as extremely important in the development 
of a commercial propylene oxide process that did not depend on the chlorohydrin route, it has been 
25 recognized that Kollar's catalytic route (in which molbydenum is the preferred catalyst) has a number of 
problems. For example, if t-butyl hydroperoxide is used as the peroxide, large quantities of t-butyl alcohol 
corresponding to the peroxide are formed and the t-butyl alcohol that is recovered must be of marketable 
quantity. An especially troublesome class of by-products are the propylene oligomers. If propylene is used, 
various propylene dimers, sometimes called hexenes, are separated from the propylene oxide only with 
30 great difficulty. In addition, the molybdenum catalyst may not be stable or the recovery of the catalyst for 
recycle may be poor. 

Various avenues of investigation have been explored in attempts to improve on the molybdenum- 
catalyzed epoxidation of propylene. One technique was to try to improve on the catalyst itself. Patents 
which cover the preparation of various molybdenum epoxidation catalysts include U.S. Patent 3,362,972 to 

35 Kollar. There a hydrocarbon soluble salt of molybdenum or vanadium may be made by heating a 
molybdenum compound in which molybdenum has a valence of +6, or a vanadium compound in which 
vanadium has a valence of +5, with a carboxylic acid of from 4 to 50 carbon atoms having at least 4 carbon 
atoms per carboxylic group. U.S. Patent 3,578,690 to Becker discloses that molybdenum acid salts may be 
made by directly reacting a carboxylic acid with a molybdenum compound while removing the water that is 

40- formed. 

The reaction of molybdenum trioxide with monohydric saturated alcohols having 4 to 22 carbon atoms 
or with a mono- or polyalkylene glycol monoalkyl ether or mixtures thereof to make olefin epoxidation 
catalysts is described in U.S. Patent 3,480,563 to Bonetti, et al. These catalysts have only 0.07 to 0.93% 
molybdenum, which is a molybdenum content too low for maximum economy in commercial use. 

45 In U.S. Patent 4,434,975 to ARCO, investigators found that molybdenum catalysts could be made from 

saturated alcohols or glycols having one to four carbon atoms, such as ethylene glycol and propylene 
glycol, by reacting them with molybdenum metal and an organic hydroperoxide, peroxide", or H 2 O z . 
Molybdenum compounds prepared by reacting an ammonium-containing molybdate with a hydroxy 
compound, for example, an organic primary or secondary alcohol, a glycol or a phenol, are described in 

so U.S. Patents 3,784,482 and 3,787,329 to Cavitt. 

U.S. Patent 3,573,226 to Sorgenti discloses that molybdenum-containing epoxidation catalyst 
solutions may be made by heating molybdenum powder with a stream containing unreacted tertiary butyl 
hydroperoxide and polyhydric compounds of from about 200 to 300 molecular weight and having from 4 to 
6 hydroxyl groups per molecule. 

55 U.S. Patent 3,953,362 to Lines, et al. reveals that novel molybdenum epoxidation catalysts may be 

prepared by reacting an oxygen-containing molybdenum compound with hydrogen peroxide and an 
amine and optionally water or an alkylene glycol at elevated temperatures. Similar catalysts are prepared 
by reacting an oxygen-containing molybdenum compound with an amine and an alkylene glycol at 
elevated temperatures according to Lines, et al. U.S. Patent 4,009,122. 

€o This invention is directed to the preparation of easily processed, storage stable solutions of 

molybdenum/alkanol complexes in the alkanol which are prepared by reacting an ammonium molybdate, 
preferably ammonium heptamolybdate tetrahydrate, with an amount of a straight chain or branched chain 
C 6 — C 13 alkanol, preferably 2-ethyl-1-hexanol, within the range of 7 to 20 moles of alkanol per gram atom of 
molybdenum, the reaction being initiated in the presence of 1 to 4 moles of added water per gram atom of 

65 molybdenum and continued at a temperature of 120° to 190°C for a period of 3 to 8 hours, sufficient to 
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substantially completely remove ammonia and water to provide a liquid reaction product comprising said 
solution of molybdenum/alkanol complex dissolved in unreacted alkanol, and containing 0.001 to 0.1 wt.% 
of water. The reaction product is filtered to provide a clarified storage stable solution of the molybdenum/ 
alkanol complex containing from 4 to 10.5 wt.% of dissolved molybdenum. 
5 The improvements in the complexes of this invention relate to the discovery that the initial ratios of 

water, alcohol and ammonium molybdate, as well as reaction temperatures, have a significant effect on the 
amount of molybdenum that will be incorporated Into the ammonium molybdate/alkanol catalyst complex 
as solubilized molybdenum, the ease of filterability of the finished reaction mixture and the stability of the 
finished complex solution with respect to staying clear and solids-free over the useful life of the catalyst. 
jo The molybdenum compounds used to make the complexes of this invention are ammonium 

molybdates such as ammonium heptamolybdate tetrahydrate and ammonium dimolybdate. 

Jt has been found that the ratio of alcohol to gram atoms of molybdenum and the ratio of water to gram 
atoms of molybdenum are important in determining the ease of processing of the complex during 
manufacture (reference to filtering after the digestion period), storage stability and the amount of 
15 molybdenum solubilized in the ammonium molybdate/alkanol complex. 

The alcohols to be employed in the reaction to make the inventive complexes are primary straight 
chain or branched chain alkanols containing 6 to 13 carbon atoms, such as hexyl alcohol, octyl alcohol, 
decyl alcohol, tridecyl alcohol, isohexyl alcohol, isooctyl alcohol, etc. As is hereinafter explained in greater 
detail, the preferred alkanol is 2-ethyM-hexanol. 
20 Thus, as shown by the working examples, 2-ethyl-1-hexanol can be processed with ease as compared 
with other commercially available alcohols such as hexyl, isooctyl, decyl and tridecyl alcohol. 2-EthyM- 
hexanol is especially preferred because of its thermal stability and stability toward oxidation during the 
heating involved in preparing the catalyst (e.g., 3 — 8 hours at 175 — 185°C). Further 2-ethyM-hexanol 
imparts good filterability and storage stability to the complex. 
25 Water and ammonia should be removed during the course of the reaction. The use of azeot roping 
agents with the alcohol/ammonium molybd ate/water reactant system speeds the complex preparation by 
driving off water and ammonia. However, use of an azeotroping agent can lead to a certain random 
instability upon standing. Complexes made with this technique may be clear and solids free for days or 
weeks and then form solids seemingly all at once. 
30 For the 2-ethyM-hexanol, ammonium heptamolybdate tetrahydrate, water system, the preferred 

reactant ratios are 7:1 to 13:1 expressed in terms of initial moles of alcohol to gram atoms of molybdenum 
in the molybdenum compound. An especially preferred range of moles of alcohol to gram atoms of 
molybdenum is 8.5:1 to 15:1. The reaction is initiated in the presence of 1 to 4 moles of added water per 
gram atom of molybdenum, in addition to the water of hydration of the molybdenum compound. The 
35 reaction temperature to make the inventive complexes should be between 120 and 190°C, preferably 
between 150 and 185°C, and the pressure should be atmospheric. Reaction temperatures of 175 — 185°C 
drive off the water and ammonia present in the reaction mixtures. Separation can be accomplished by 
filtration, centrifugation, decantation, sedimentation, etc. 

The complexes and method of this invention are more particularly illustrated by the following 
ao xamples which should not be construed as limiting the invention in any way. The examples also illustrate 
the use of the complexes of this invention as catalysts in an epoxidation reaction. 

Complex Preparation 

The following description of complex preparation is general for all preparations involving 
45 molybdenum 2-ethyl-1-hexanol complexes prepared from 2-ethyl-1-hexanol, ammonium heptamolybdate 
tetrahydrate, and added water, as noted. 

The apparatus is a 1 -liter Morton flask (round bottomed flask with 4 "flutes" or indentations in the 
bottom of the flask) fitted with a mechanical stirrer, nitrogen inlet, thermometer, Dean Stark trap and 
condenser, and a nitrogen exit via a bubbler containing mineral oil. The flask was heated using an electrical 
so heating mantle and ordinary tap water was used in the condenser. 

Procedure 

To a flask equipped as described above was added ammonium heptamolybdate tetrahydrate (AHM) 
followed by 2-ethyM-hexanol (2E-HEX) and water. A slow nitrogen purge is established and the stirring 

55 and heat are turned on. In our small scale preparations in glassware, we normally heated at a rate such that 
the reaction mixture was taken from ambient temperature (20 — 25°C) to a reaction temperature 
(178 — 185°C) in 30 — 60 minutes. The heat up time is not critical, but once the reaction mixture reaches 
reflux the rate of heat input should be reduced to provide a steady reflux, but do not "over do" it. The 
reason for this is that after the reaction mixture reaches 178 — 185°C, there is a 10 — 15 minute period before 

eo the evolution of ammonia begins at a good rate. During the heat up and the first 1 0 — 15 minutes some 
ammonia is being evolved but after 10 — 15 minutes at reflux the ammonia evolution increases. There is 
foaming due to the ammonia evolution and the flask or reaction vessel should be 3 — 4 times the volume of 
the reactants to insure that no bumping over or burping into the Dean Stark trap occurs. This is also one 
reason why the rate of heating is adjusted to achieve a steady reflux (necessary to drive off water and 

65 complete the reaction) but not to overdo the heat input because excessive foaming will occur. This 
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ammonia ev lution continues f r 2 — 3 hours at a steady rate paralleling the rate of water removal via the 
Dean Stark trap. After completing the desired reaction period, usually 5 — 8 hours at essentially 1 78 — 185°C, 
. the reaction mixture is cooled and allowed to stand overnight, filtered and the filtrate stored under 
nitrogen. The solids collected are usually washed with acetone and dried. Weight of solids refers to these 

5 semi-washed and dried solids filtered from the cooled reaction mixture. Infrared spectroscopy and atomic 
absorption results (percent molybdenum) support identification of the solids as molybdenum trioxide. 

The experimental results from complex preparations involving 2E-HEX, AHM and water are 
summarized in Tables I and l-A. Table II summarizes typical propylene epoxidation results using certain of 
the molybdenum 2-ethyl-1-hexanol complexes described in Tables I and I — A. Table III illustrates complex 

io preparation from ammonium heptamolybdate and alcohols other than 2-ethyl-1-hexanol. These results 
were generally poorer than similar complex preparations with 2-ethyM-hexanol on the basis of percent 
molybdenum incorporated into the complex or in the ease of processing the complex. Utilizing optimum 
conditions described in this invention; namely 10:1 ratio of alcohol/g atoms of molybdenum and 2:1 mole 
ratio of water/g atoms of molybdenum, the absolute amount of molybdenum incorporated into the 

15 complex solution was generally more when the alcohol was 2E-HEX, as compared with the other alcohol, 
or the 2E-HEX samples were easier to process. 
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Turning now to Tables I and l-A, it will be noted that the experimental runs are arranged in the form of 
sets of data. In each "data set", the mole ratio of water to gram atoms of molybdenum is progressively 
increased from an initial run in which no water was added. When the "data sets" are compared it will be 
noted that good results were consistently obtained when the complex-forming reaction was conducted in 
5 the presence of 1 to 4 moles of added water per gram atom of molybdenum and that erratic and less 
satisfactory results were obtained when the complex-forming reaction was conducted in the absence of 
added water or in the presence of an excessive amount of added water. 

The last set of data (runs 5855 — 66 and 5740 — 22) are present to demonstrate the critical importance of 
temperature. Thus, run 5855 — 66, conducted at 99 — 101°C, was a failure while excellent results were 
to obtained in runs 5740 — 22 conducted at a temperature of 150° — 160°C. 

Turning now to the first five sets of data, and the first run of each set which was conducted in the 
absence of added water, it will be noted that in comparison with the other runs of each set of data, less than 
satisfactory results were obtained in respect of one or more of the following criteria: 
weight percent of solubilized molybdenum in the catalyst complex, 
15 percent of charged molybdenum incorporated into the catalyst, 

amount of solids formed, 
ease of filtration, and 

physical state (number of days the catalyst complex remained clear. 
Thus, in the first set of data, in run 5810 — 54, the catalyst complex remained clear for only 7 days. In the 
20 second set of data, in run 5810 — 34, storage stability (physical state, days clear) was low, the amount of 
charged molybdenum incorporated into the catalyst was low and the percentage of solubilized 
molybdenum was low, as compared with other runs in the second set of data. The same comment is In 
order for run 5810 — 30 of the third set of data and, in addition, a large quantity of solids were formed and 
the filtration rate was slow. The results for run 5780 — 90 of the fourth set of data were much better, but the 
25 filtration rate was moderate. In the fifth set of data, in run 5810 — 64, solids formation, ease of filtration and 
storage stability were unsatisfactory. 

The same pattern can be observed for runs 5810 — 37, 5810 — 33 and 5780 — 99 where an excess of 
added water was used. 
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Claims 

1. A method of preparing a storage stable solution of a catalyticaily active complex of molybdenum 
with a primary straight chain or branched chain alkanol containing 6 to 13 carbon atoms in said alkanol 

5 characterised by reacting an ammonium molybdate with said alkanol, employing from 7 to 20 mols of 
alkanol per gram atom of molybdenum said reaction being initiated in the presence of 1 to 4 mols of added 
water per gram atom of molybdenum, in addition to the water of hydration of the ammonium molybdate, 
said reaction being continued at a temperature of 1209° to 190°C for a period of 3 to 8 hours sufficient to 
remove ammonia and water substantially completely and to provide a liquid reaction product containing 4 

w to 10.5 wt.% of dissolved molybdenum and having said molybdenum/alkanol complex dissolved in 
unreacted alkanol and 0.001 to 0.1 wt.% of water. 

2. A method according to Claim 1 characterised in that the mol ratio of alkanol to gram atoms of 
molybdenum is 8.5:1 to 15:1 and the reaction temperature is from 150° to 185°C. 

3. A method according to Claim 1 or 2 characterised in that the alkanol is a hexyl alcohol, an isooctyl 
15 alcohol, decyl alcohol or tridecyl alcohol. 

4. A method according to Claim 1 or 2 characterised in that the alkanol is 2-ethyl-1-hexanol. 

5. A method according to any one of Claims 1 to 4 characterised in that the ammonium molybdate is 
ammonium heptamolybdate tetrahydrate. 

6. A storage stable solution of a catalyticaily active complex of molybdenum with 2-ethyl-1-hexanol in 
20 2-ethyl-1-hexanol containing 4 to 10.5 wt.% of dissolved molybdenum and 0.001 to 0.1 wt.% of water 

prepared by the process of Claim 5. 

Patentanspruche 

1. Verfahren zum Herstellen einer lagerbestSndigen Losung eines katalytlsch wirksamen Komplexes 
25 von Molybdan mit einem primaren geradkettigem oder verzweigtkettigem Alkanol, enthaltend 6 bis 13 

Kohlenstoffatome in besagtem Alkanol, gekennzeichnet durch Umsetzen eines Ammoniummolybdats mit 
besagtem Alkanol unter Verwendung von 7 bis 20 Mol Alkanol pro Grammatom Molybdan, wobei besagte 
Reaktion in Gegenwart von 1 bis 4 mol zugesetztem Wasser pro Grammatom Molybdan, zusatzlich zum 
Hydratwasser des Ammoniummolybdats, gestartet und bei einer Temperatur von 120° bis 190°C fur einen 
30 Zeitraum von 3 bis 8 Stunden fortgefuhrt wird, was ausreicht urn Ammoniak und Wasser im wesentlichen 
Vollstandig zu entfernen und ein flussiges Reaktionsprodukt zu liefern, das 4 bis 10,5 Gew.-% geldstes 
Molybdan enthalt und besagten Molybdan/Alkanol-Komplex in nicht-umgesetztem Alkanol und 0,001 bis 
0,1 Gew.-% Wasser geldst aufweist. 

2. Verfahren nach Anspruch 1, dadurch gekennzeichnet, daS das Molverhaltnis von Alkanol zu 
35 Grammatomen Molybdan 8,5:1 bis 15:1 ist und die Reaktionstemperatur von 150° bis 185°C ist. 

3. Verfahren nach Anspruch 1 oder 2, dadurch gekennzeichnet, daB das Alkanol ein Hexylalkohol, ein 
Isooctylalkohol, Decylalkohol oder Tridecylalkohol ist. 

4. Verfahren nach Anspruch 1 oder 2, dadurch gekennzeichnet, daB das Alkanol 2-EthyM-hexanol ist. 

5. Verfahren nach einem der Anspruche 1 bis 4, dadurch gekennzeichnet, daB das Ammonium- 
40 molybdat Ammoniumheptamolybdattetrahydrat ist 

6. Lagerbestandige Losung eines katalytisch wirksamen Komplexes von Molybdan mit 2-Ethyl-1- 
hexanol in 2-EthyM-hexanol, enthaltend 4 bis 10,5 Gew.-% geldstes Molybdan und 0,001 bis 0,1 Gew.-% 
Wasser, hergestellt nach dem Verfahren von Anspruch 5. 

*5 Revendications 

1. Procede pour preparer une solution stable au stockage d'un complexe actif en catalyse de 
molybdene avec un alcanol primaire a chatne lineaire ou a chalne ramifiee contenant 6 a 13 atomes de 
carbone dans ledit alcanol, caracterise par la reaction d'un molybdate d'ammonium avec ledit alcanol, 

so employant 7 a 20 molecules d'alcanol par atome-gramme de molybdene, ladite reaction 6tant initiee en 
presence de 1 a 4 molecules d'eau ajoutee par atome-gramme de molybdene en plus de I'eau d'hydratation 
du molybdate d'ammonium, ladite reaction etant poursuivie a une temperature de 1 20 a 1 90°C pendant une 
periode de 3 a 8 heures suffisante pour deplacer pratiquement completement I'ammoniac et I'eau et pour 
fournir un produit de reaction liquide contenant 4 a 10,5% en poids de molybdene dissous et ayant ledit 

55 complexe molybdene/alcanol dissous dans I'alcanol n'ayant pas reagi et 0,001 a 0,1% en poids d'eau. 

2. Proc6d6 selon la revendication 1, caracterise en ce que la proportion molaire de I'alcanol par atome- 
gramme de molybdene est de 8,5:1 a 15:1 et la temperature de reaction est de 150° a 185°C. 

3. Procede selon la revendication 1 ou 2, caracterise en ce que I'alcanol est un alcool hexylique, un 
alcool isooctylique, un alcool d£cylique ou un alcool tridecylique. 

60 4. Procede selon la revendication 1 ou 2, caracterise en ce que I'alcanol est l'ethyl-2 hexanol-1. 

5. Procede selon n'importe laquelle des revendications 1 a 4, caracterise en ce que le molybdate 
d'ammonium est I'heptamolybdate d'ammonium tetrahydrate. 

6. Une solution stable au stockage d'un complexe actif en catalyse de molybdene avec l'6thyl-2 
hexanol-1 dans l'6thyl-2 hexanol-1 contenant 4 a 10,5% en poids de molybdene dissous et 0,001 a 0,1% en 

65 poids d'eau preparee par le procede de la revendication 5. 
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